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Abstract: Graphite-based lithium-ion batteries (LIBs) are the most widely adopted battery technology in industry due to their high energy and power density, high cycle stability, and gravimetric capacity. Demand for LIBs is expected to greatly increase in the future due to their use in consumer
electronics such as cell phones and portable computers and increasing demand for electric vehicles. However, the cost effectiveness and performance of existing LIBs impedes their adoption and use in many applications. Limitations for graphite-based LIBs include their low charging rate,
structural instability, capacity loss due to long-term cycling, and safety issues associated with Li dendrite growth. These limitations need to be overcome to design a battery that can meet the operation requirements for future technologies. In this work we investigate the application of anatase
titanium dioxide (TiO2) nanoparticles synthesized via water assisted sol-gel process as a potential replacement for graphite in LIBs. TiO2 is a promising candidate material for replacing graphite due to its high energy density and improved cycle stability. However, it suffers from low theoretical
capacity and slow transport ion and electron kinetics. These short-comings can be addressed by tuning the phase, crystallinity, defect concentration, and nanostructure of TiO2. The goal of this study of this study is to investigate how structural water impacts the electrochemical performance of
the TiO2 nanoparticles when annealed at different temperatures.

Rate Study

Principle

Synthesis of TiO2
• Synthesized with water assisted
sol-gel process.
• Boiled to change crystal structure
from amorphous to anatase.
• Annealing removes structural
water in nanoparticles to
investigate impact on
performance
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• Batteries have two electrodes
(positive and negative),
electrolyte, and a separator.
• During charging/discharging,
Li-ions and electrons moved
between electrodes.
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• A C-rate is the amount of current a
battery can discharge in a given time
from its maximum capacity.
• Best performing cells are 200 C and
300 C annealed cells as they have
the highest gravimetric capacity.
• 200 C and 300 C annealed cells
also demonstrated good reversibility
after fast cycling conditions.
• Worst performing cells were 120 C
and 400 C.

C/20 = 20 hours, C/10 = 10 hours, C/5 = 5 hours, C/2 = 2 hours, 1C = 1 hour, 5C = 12 minutes

Conclusions

Differential Capacity
• Differential Capacity
(dQ/dV) plot shows the
change in capacity as a
function of voltage.
• Plot can provide
information on the kinetics
of the system.
• 200 C and 300 C cell plots
show good reversibility as
the 1st and 5th cycles
overlap with each other.

Voltage Profile

nanospheres is 250 nm.
• Nanospheres are reduced
in size as annealing
temperatures increased.
• Collapse
of nanospheres
1 μm
may be a result of the loss
of water.

Raman spectroscopy is
used to measure a
material's chemical
structure, crystallinity,
etc.
• The crystal structure of
all TiO2 annealing
conditions remain
anatase.
• There is a small Raman
shift at 144 cm-1 for the
400 C sample.

C-Rates

Scanning Electron Microscopy

• Average size of untreated

•

• Voltage profile is used in
conjunction with dQ/dV
plots.
• 200 C and 300 C cells
have 1st and 5th cycles that
are almost identical,
showing that they have
good reversibility.
• 400 C cells have improved
specific capacity at 5th
cycle.
1 μm
• Specific capacity is reduced
with the As-prepared and
120 C cells.

• Increasing annealing temperature results in collapse of
spherical nanoparticles – possibly due to water loss.
• 200 C and 300 C annealed cells had the best
performance - showing high gravimetric capacity and
reversibility.
• Crystal structure of anatase TiO2 is not significantly
changed by annealing at different temperatures.
• 400 C Eg is blue shifted – possibly due to increased
vacancies.

Future Work
•
•
•
•

Quantify reduced TiOx species in samples using XPS.
Pair Distribution Function (PDF) analysis.
Cycle Argon and Ar+O2 Annealed electrodes coin cells.
Analyze Argon and Ar+O2 annealed cycling data and
compare the results with the Air annealed cycling data.
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